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D r a f t D r a f t Introduction 26 27 RNA polymerase III transcribes genes encoding a variety of small non-coding RNAs in eukaryotic 28 cells (Dieci et al. 2007 ). Such RNAs are critical for transcription of certain protein-coding genes (7SK 29 RNA), splicing (U6 RNA), translation (tRNA, 5S rRNA, 7SL RNA, BC1 RNA, and BC200 RNA), initiation 30 of DNA replication (Y RNA), and macromolecular assembly and/or transport (vault RNA). RNA polymerase 31 III also transcribes Short Interspersed Elements (SINEs), highly numerous copies of which (up to 10 6 ) are 32 dispersed throughout the genomes of most multicellular eukaryotes (Kramerov and Vassetzky 2011). SINE 33 transcripts can participate in the formation of new genomic copies of these nonautonomous mobile genetic 34 elements and play a key role in the cell response to stress such as heat shock (Allen et al. 2004; Zovoilis et 35 al. 2016) . 36
Several types of RNA polymerase III promoters are known. The type 1 promoter is typical only for 37 5S rRNA genes and SINEs originating from this RNA species (Gogolevsky et al. 2009; Orioli et al. 2012; 38 Schramm and Hernandez 2002). It is an internal promoter, i.e., lies within the transcribed DNA sequence. 39
The promoter starts at position +45 and spans over 50 bp; it includes the box A, intermediate element, and 40 box C at short distances from each other. Intermediate element and box C interact with transcriptional factor 41 IIIA (TFIIIA) which recruits another factor, TFIIIC. The majority of tRNA and SINE genes as well as 42 adenovirus genes encoding the small VA I and VA II RNAs have the type 2 promoter (Dieci et al. 2007; 43 Kramerov and Vassetzky 2011). This promoter is also internal and includes two 11-nucleotide boxes (A and 44 B). The box A starts at position +10…+12 relative to the transcription start site. The boxes A and B are 45 spaced by 30-40 bp and bind to TFIIIC protein which recruits TFIIIB; the latter in turn recruits RNA 46 polymerase III. The type 3 promoter was described in mammalian genes encoding U6, 7SK, and Y RNAs. It 47 includes three external elements: (i) the distal sequence element (DSE) with SPH and octamer motifs which 48 bind to Staf and Oct1 proteins, respectively, (ii) the proximal sequence element (PSE) at positions -49 to -65 49 interacting with SNAPc factor, and (iii) the TATA box roughly at position -25 attaching to TATA-binding 50 protein (Dieci et al. 2007; Schramm and Hernandez 2002) . Some researchers also recognize the type 4 51 promoter combining both internal and external elements (Englert et al. 2004 RNA and SOR transcripts were detected by hybridization with 32 P-labeled probes obtained by PCR 91 Kramerov 2002, 2010) . Following hybridization, the membrane was washed in 0.1× SSC 92 and 0.1% SDS at 42°C, exposed to an X-ray film, and the radioactivity of RNA bands was measured by a 93 the nucleotides identical in all 6 genes are shown in uppercase). First, we have generated the constructs of 107 the mouse 4.5SI RNA gene (Mmu1') with the 19-bp 5'-flanking sequence containing nucleotide 108 substitutions at positions -3, -5, and -7 either individually (constructs 2, 3, and 4) or all together (construct 5). 109
The resulting DNA was introduced to HeLa cells and the level of synthesized 4.5SI RNA was determined. 110 (Human cells contain no 4.5SI RNA gene, which allows monitoring of the gene construct transcription). 111
These nucleotide substitutions decreased the transcription of the 4.5SI RNA gene to 38-69% of that observed 112 for the intact gene (construct 1) ( Fig. 1 and Fig. 2A ). Unexpectedly, the substitution of non-conserved 113 nucleotides in the same regions (positions -4, -6, and -8; construct 6) also decreased the transcription (56% of 114 control). Apparently, the nucleotide sequence immediately preceding the 4.5SI RNA gene contributes to the 115 transcription efficiency although to a small extent. 4.5SI RNA gene down to 43-56% of control was observed for three constructs (7, 8, and 9), while the 126 construct 10 with the pentanucleotide TTTTT instead of AGAAT demonstrated increased (134%) gene 127 expression ( Fig. 1 and Fig. 2B ). Conceivably, this increase is due to the absence of G and C residues in this 128 motif. Otherwise, this effect can be attributed to the changes in DNA bendability. Giuliodori et al. (2003) D r a f t data, Fig. S1 F) and decreases the transcription down to 45% of control. Anyway, the nucleotide sequence in 137 this region (positions -14 to -18) exerts a decent effect on the gene transcription by RNA polymerase III. 138
The subsequent constructs had partially or completely removed murine 19-nucleotide 5'-flanking 139 sequence present in the control construct 1. The removal of 7 bp (construct 11), 15 bp (construct 12), or 19 140 bp (construct 13) of the 5'-flanking DNA sequence decreased the 4.5SI RNA gene expression to 5%, 26% 141 and 5% of control, respectively ( Fig. 1 and Fig. 2C ). This result was surprising. The removal of 7 bp 142 including the AGAAT pentanucleotide induced a more significant decrease in the gene expression (9-11 143 times) than the replacement of the pentanucleotide (constructs 7, 8, and 9) or all these 7 nt (construct 14). It 144 was also conspicuous that the removal of 7 bp in the 5'-flanking sequence decreased the gene expression 145 more than the removal of 15 bp. Apparently, these results cannot be solely attributed to transcriptional 146 significance of the DNA sequence immediately upstream of the gene, i.e., from position -19 to the 147 transcription start site. We assumed that the sequences more distant from the transcription start site were 148 critical for the transcription. 149
As was mentioned in the Introduction, a TATA box is present roughly at position -25 of genes with 150 type 3 or 4 promoters of RNA polymerase III. In some cases (e.g., 7SL RNA gene (Englert et al. 2004 )), the 151 sequence of the box bears little resemblance to the canonical TATA box (ТАТАААА); in this case, it is 152 referred to as a TATA-like box. The studied 4.5SI RNA gene has a candidate TATA-like box TACATGA at 153 positions -24 to -30. The construct 1 contains the plasmid sequence СACTAGT, which seems to successfully 154 substitute the murine TATA-like box. The removal of 7 bp from the 19-bp 5'-flanking sequence (construct 155 11) places the plasmid sequence GCGGCCG lacking A and T residues to the position of the presumable 156 TATA-like box, which we propose to underlie the 20-fold decrease in the gene expression ( Fig. 1) . The 157 removal of 15 bp (construct 12) places a more AT-rich sequence ACCTGCA to the same position, which can 158 maintain a higher gene expression relative to the construct 11 ( Fig. 1 and Fig. 2C ). Finally, the construct 13 159 lacking the entire murine 5'-flanking sequence has a less AT-rich plasmid sequence (GTCGACC), which 160 decreases the gene expression again ( Fig. 1 and Fig. 2C ).
D r a f t 6 was replaced in it with a GC-rich sequence GGCGGCC (construct 16). Transfection of these constructs into 165
HeLa cells demonstrated that this replacement decreased the transcription level 47-fold ( Fig. 1 and Fig. 2C) . 166
For comparison, the constructs containing the AGAAT pentanucleotide (positions -14 to -18) replaced with 167 lanes (see Fig. 1 for construct details). Construct 1 was used in all experiments as the standard. Cellular RNA 273 immobilized on the membrane was sequentially hybridized with 4.5SI-and SOR-specific probes. For 274 quantitative analysis (see Fig. 1 ), the 4.5SI RNA signal was normalized to the SOR transcript signal. The Fig. 1 for construct details). Construct 1 was used in all experiments as the standard. Cellular RNA immobilized on the membrane was sequentially hybridized with 4.5SI-and SOR-specific probes. For quantitative analysis (see Fig. 1 ), the 4.5SI RNA signal was normalized to the SOR transcript signal. The lengths of 4.5SI and SOR RNAs are 98 and 170 nt, respectively.
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